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This study investigated the specific learning 
abilities and general adjustaent of 50 children, 5-14 years of age, 
who had pyloric stenosis (PS) in infancy, compared to 44 siblings and 
50 Batched control children. PS involves a period of brief starvation 
in early infancy, unrelated to socioecononic conditions and is 
surgically correctable. The aajor questions posed by this study were: 
Does a defined period of starvation occuring vithin the first 3 
■onths after birth have an effect on subsequent learning abilities 
and general adjustment? (2) If so, which specific abilities are most 
affected? All learning abilities measured were signif icantli 
correlated with the degree of starvation severity in infancy. 
Starvation causing a reduction of over 10 percent of the expected 
body weight in infancy was associated with poorer learning abilities, 
especially those involving short term memory and attention. 
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ABSTRACT 

The criterion of starvaKon in this study was the medical condition of 
Pyloric Stenosis (PS). PS involves a period of brief starvation in early infancy, 
unrelated to socioeconomic conditions and is easily correctable* Specific 
learning abilities and general adiustment of 50 subjects, 5. to 14 yeqrs old, who 
had PS were studied and compared to: a) 44 siblings; and b) 50 matched 
controls. Al! learning abilities measured were significantly correlated with 
the degree of starvation severity in infancy. Starvation causing a reduction of 
over 10% of the expected body weight ;n infancy was associated with poorer 
learning abilities, especially those involving short term memory and attention* 
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Much of the Intaresr In the relanorisKSp beh-.eer. mchrjirition end learn- 
i '5 .^biilKos in born Gnimai ond humcn studies has focused on the exlsrence of 
crirlcQ^ p2riods in brcln cro-A'rh ecrly In life. Nutritional deficits occurring 
c^ririg *he5e critjcni p=:rlcds hove bc-ep. hi:r,d to be cssocioted with Irreversible 

rt*duc:ior.s in celi n^Tiber and result In long term deficits in intellectual 

. . ^ 1,2,3,4 

Tunctioning. ' ' ' 

Malnutrition in scMy infancy, cs it occurs in rncny parts of the world, 

including the U.S., hcs been reported to be -ssDcIafed with poor functioning 

• r .li*!*. ••j, r>ttt I 5/6*7, 8, 

on a variety or nenfal abinry tesrs ocirr.ir.isrcreQ in Icrer cnncnood* f f f ' 

Aithojgh no definite boundaries of these critical periods in infants can be 
drawn from the findings of previous studies, there Is sufficient evidence to con- 
clude that differences in the severity of malnutrition/starvation and the time of 
onset of the insult would likely determine the extent of brain impairment and 
consequent lunctlcning. However,. It hcs been difficult to isolate the effects 
of malnutrition on Inreliectua! functioning of human subjects due to confounding 
socioeconomic and cultural variables. 

Pyloric stenosis (PS), a naruraliy occurring condition of starvation during 
early Infancy, is not associated with these confounding variables of social 
deorivation or poverty. With its onset between birth and 3 months of age and 
with a clinical severity ranging from mild dehydration through more extensive 
starvation and malnutrition, the conditio., of pyloric stenosis offers an 

-2- 



00 004 



oc: /an^a7:-yjs "oi^! In v/Mch ic -.-jdy :Se long term effecfs of c sfcrvaMon/ 
n-ii:!nurrinon Insulr to fhe developing Ir.fcr.r's nervous sysfem. Almost immsdi- 
Gtoiv :.pon surclca! correction of ihis condition, fhe child resumes normal 
reefing, in iSs scrre social end enylrcMrr-enrcl milieu as his siblings. This clear 
tsrrnlnarlon of stcrv^rlon provides cefirjre boundaries of the srarvaHon period. 
This study rep-ns the specific learning ablllrles and general adjusfmenf of 50 
patients 5-14 years of age v/ho had pyloric stenosis in Infancy compared to 44 
siblings and 50 marched confrol children. 

The major c-jestlons p-:ed by :h:s sjvcy were cs follows: Does a defined 
period of s^arvzrlon occurring v/irhin the first 3 months ofter birth have an effecf 
on subsequent leGrning abilities end general odjustment? If so which 
specific cbilities are most effected? 

METHODS 

In order to isolate starvation as the cause of differences among the 
subjects' test scores, the following variables known to affect intellectual - 
development were controlled: age, sex, socioeconomic status, parental educa- 
tion, complications cVring pregnancy and delivery, birth weight, birth order, 
number of siblings, medical problems and surgical operations in the child's 
life history. In addition, conclusions were based only on those findings which 
were consistent across various analyses of the data. 
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A :oTal of 144 white children fronn Monroe County voluiifeered :o parti- 
ci.>3fe In fhis study. The children were divided as fol!ov/s: 

1. Index ccies. A groyp of 50-.children, 44 boys and 6 girls, who 
had been tresfed for ?S In infancy. The index cases were betv/een 
5 end 14 year$ old with a mean age of 9 years 2 months. 

2. Sibling ccnrrol group. A group of 44 subjects, each of v/hom 
was a sibling of an index case. Their aoes ranged between 5 and 
15 years with a mean oge of 10 years and 1 month. 

3. Matched control group. A group of 50 children, each of whom 
was matched by oge, sex and father's level of education (in years) 
to the index cases. These subjects were drawn from a sample of 
6,669 individuals who represented a random sample of the population 
of Monroe Coun^/, New York. 

Subjects for whom there v/as reason to assume possible neurological 
damage due to conditions during pregnancy and birth or later injury were 
excluded from ai' three groups. Subjects who weighed less than 2,3 kg, or 
more than 4,1 kg, for boys and 4,3 kg. for girls were also excluded. No 
significant differences were found between the Ihree groups of subjects with 
regard to: duration of pregnancy, mother's age, birth weight, birth order, 
number of siblings or number of surgical operations in the child's history, 
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Rafhsr :San dealing v/ith fna global concerpf of intelligence, rhe present 
sfudy focused on mors fjncflonol conc-?prs of lecsrning obilifles, Gspecially 
ihose esssnrlol for "scfiool learning." Specific »esrs ^yere selected to measure 
different sensory cnannels of communlcarion, as v/ell cs the different levels of 
cognitive orcanizanon* Verbal abilities were mecrc-ured by the Peabody Picture 
Vo3abuIar>' Test (PPVT) and by the Vocabulary from the V/echsler Intelligence 
Scale for ChUdrsn (WISC). Eye-hand coordination and speed and.accurocy of 
learning a new code were mecsured by the Digit Symbol (coding) test irom the 
VvlSC. I wo r;ecsures of short term roie sequential rnemory were used; the 
Digit Span test from the Vv'iSC, which tests immediate recall for auditory 
stimuli (Auditor)' Memory) end the Visual Memory rests from the Hiskey 
Nebraska Test of Leorning Aptitude, which test recall for visual stimuli. Non- 
verbal reasoning and understanding of figural spatial relotions were measured by 
the Raven Progressive Matrices, Achievement in reoding tind orlthmetic were 
evaluated by the Wide Range Achievement Test (WRAT). 

The parents o^ each subfect were interviewed and C3<ed to evaluate their 
children on the Parental Estimate of Development Scale (PEDS)^^ ond on the 
Vineland Social Maturity Scale (VSMS). The scSool teacher of eoch subject 
wcs asked to evaluate him on the Ottawa School Behavior Checklist (OSBCL)» ^ 
The behaviors listed in the OSRCL were factor analyzed and yield scores for 
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eoch of the fo!lcv/Ing factors: Imrrjcrunfy, OverocfiviTy, Conduct and 
Personality, 

The subjects* physical development was assessed by the measurements of 
head circumference and height end weight at the time of the testing. 

Procedures 

Three hospitals in Rochester, New York (Strong Memorial Hospital, 
Rochester General Hospital and the Genesee Hospital) submitted a list of oil 
patients who had been treated for PS between the years 1959 and 1968. Of 
these, a total of 93 were Identified cs still residing in the Monroe County area* 
Fift>'-nine families (57.3 percent of all families contacted) expressed their 
willingness to participate in the study. Nine subjects were excluded because 
of other confounding variables (lov/ birth weight, complications during birth, 
and convulsions). Following the identification of the index cases, the matched 
control subjects were selected. 

Psychological testing and measurements of each subject and parental 
interviews were carried out Individually, Each subject was randomly assigned 
to one of three trained psychometri clans. Each index case and his sibling were 
tested simultaneously. Testing of each child lasted one and a half to two hours. 
The OSBCL wcs sent to the teachers with an enclosed return envelope. 

The medical records of the index cases were examined independently by 
the two pediatrician authors. Based on their evaluation, the onset, duration 

« 
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and severity of siarvarlpn were recorded. The severity of starvation was 
defermlned by relating the infantas body v/eight on admission to the hospifal 
to his or her expected weight, as extrapolated from the weight at birth. This 
weight deficit wcs expressed cs a percentoge of the expected weight for this 
ooe. Based on the percent of weight deficit the index cases fell into the 
following groups of starvation "severity": 

a. Low severity, weight deficit of 0 to 10 percent of expected weight 
for age 

b. Moderate severity, weight deficit of 11 to 20 percent of 
expected weight for oge 

c. High severity, weight deficit of 21 to 41 .9 percent of expected 
weight for age. 

The analysis included two parts: an intergroup comparison of the index 
pases, siblings, and matched controls; and an Jntragroop analysis dealing with 
index cases who suffered from various levels of starvation at different periods 
of time during infancy. 

RESULTS 

E ffects of starvation on learning abilities 

No significant differences were found between siblings and matched 
control subjects on oM^ tests of learning abilities (Table 1). However, 

Table 1 about here - - - 
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significanf correlaKons were found befween fhe learning ability tests and the 
subjects' severity of starvation (Table 2)^ More severe starvation v/as 
associated with lower scores on the learning ability tests. 

- - - Table 2 about here - - - 
The index cases in the "low severity" of starvation group, i.e., those 
who had an estimated weight deficit of 10 percent or less, did not differ from 
both their siblings and their matched control subjects on all tests of learning 
abilities, with the exception of Auditory Memory (Table 1). Higher levels 
of starvation, 11 percent weight deficit o'' greater, did result in lower perform- 
ance on several tests. As indicated in Table 1, the Auditory Memory and^^"^ 
Coding scores were found to be consistently lower for the index cases when 
compared to their siblings and their matched control subjects in the high 
severity of starvation group. Although index cases in all three levels of sevsrH-, 
were found to have lower Auditory Memory scores compared to siblings and 
controls, significant differences (F = 3.86, df =^2^40, P<.05) were found 
between the Auditory Memory scores of the index cases in the three levels of 
starvation severity. 

» Because of the congitive tasks involved in the visual memory tests, 
comparisons of test scores could only be carried out between the index cases 
and their matched controls. Poorer visual memory was found in index cases,* in 
both the high (p<.05) and moderate (p<.01) severity groups when compcrrr* to 
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their control subjects* 

The findings reported in Table 1 for Ihe PPVT, the Raven Progressive 
Matrices, the Vocabulary and the Readir>g and Arithmetic tests were not 
consisJent throughout the comparisons. Thus, no conclusions could be drawn 
when: 1) differences were found between the index cases in a lower severity 
group and their control groups but not between the index cases in a higher 
severity group and their control groups; 2) differences were found between the 
tnde:t cases and one of the tv/o control groups but not between them and the 
other control group.^ 
Effects of starvation on general ad|usfment 

Parental evaluation of the index child^s overall development (Parental 
Estimate of Development Scale) indicated that the higher the degree of severity^ 
the lower the parental estimation of their child^s development and predicted 
potential (r = .0367, df49, p<.01). 

However, neither the teocher's evaluation of subjects' behavior on the 
Ottawa Sv:hool Behavior Checklist (OSBCL) nor the parental evaluation on 
the Vlneland Social Maturity Scale (VSMS) was found to be significantly 
correlated with the irxJex of severity of starvation. 

In the comparison between the index cases within each level of severity 
and the respective control groups, a low severity of starvation was not found to 
affect any of the measured aspects of behavior. Yet, high severity of starvation 
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wos associated with a lower social maturity score on the VSMS when compared 
to cither siblings or matched controls. 
Effects of starvation on physical development 

The distribution of height, v.-elght and heod circumference of the index 
CC5SS was not found to be signitlcantly different from thot of their parents, 
siblings or matched controls. In oddttlon, no differences were fo-jnd between 
the groups of Index cases who suffered from high, moderate or low severity of 
starvation. Early motor development of the index cases (based on the history 
of the dare of starting to walk) was found to be significantly correlated with 
the severity of starvation experienced by the subjects (r = .400, df = 49, 
p< .01 ). In other words, a higher degree of starvation was associated with 
this measure of slower motor development. 
Effects of the time of onset of the starvation 

An analysis of variance was carried out for the scores on eoch test in 
order to compare test scores of index casej for whom starvation onset occurred 
at either one of the following periods: 1-20, 21-30 and 31-60 day of life. . 
No significant differences were found between these groups on any of the 
learning abilities measured, nor on the measures of general adjustment 
reported by the parents. 

The time of starvation onset was fouri interestingly, to affect the 
scores on the OSBCL. Those index cases for whom starvation onset was 
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between 21 and 30 days of age had sIgnificanHy more problems related to 
immaturity, overactivity and conduct as compared to the two other groups of 
starvation onset (Table 3). 

- - - Table 3 about here — - 

DISCUSSION ^ 

Pyloric stenosis, even though severe in infancy, did not result in measur- 
able effects on gross physical development cs reflected by head circumference^ 
height or weight, although an Indication of possible slow motor development 
was suggested. 

However, even a brief period of moderate starvation caused by pyloric 
stenosis was found to have a long-lcsting effect on learning abilities and 
general adjustment measured at 5 to 14 years of age. A weight deficit greater 
than 10 percent, especially a deficit of 20 percent or higher,, was found to be 
associated with poorer scores on tests of learning abilities and social maturity 
(VSMS). Most consistent findings were observed for the scores on the Coding 
and Auditory Memory tests. These findings, supported by the findings for the 
Visual Memory test, suggest that short term memory and attention are affected 
by starvation occurring within the first three months of life. 

Pyloric stenosis starvation onset between 21 and 30 days of age was 
significantly related to school problems involving immaturity, overactivity, and 
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conduct problems as measured by the OSBCL. The items representing these 

factors on the above checklist depict behaviors that are related to the child's 

inability to control his behavior in the classroom and to attend to one task for 

a defined period of time. This suggests that basic mechanisms necessary for 

contro! of such abilities to attend ere developed early in infancy. It is 

interesting also to note that this period of between 21 to 36 days was isolated 

in a study attempting to relate developmental biology and psychoanalysis as 

13 

one of the critical periods in the development of anxiety. The upper bound- 
aries of the critical period identified in the present sfudy (21 to 30 days) can 
not be clearly determined because there was only one subject for whom starva- 
tion onset occurred after 60 days of age. 

Subjects who had suffered. from starvation in the present study had also 
undergone surgery in infancy. It could be argued that the surgical operation 
and insult rather than the starvation itself affected the subjects' subsequent 
learning abilities and behavior. However, these variables were controlled 
by the design of the intragroup comparisons. Thus, oU subjects had surgical 
treatment for PS, but differed with regard to the severity of starvation and its 
time of onset. The differences found between these groups of index cases 
could not therefore stem from the treatment procedures, but more likely from 
the variation^ in starvation. 
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IMPLICATIONS 

This shjdy again calls aftenrton to the more subtle long term effects of 
Insults to the developing human nervous s/stem. In addition it represents an 
example of a naturally occurring childhood condition which lends itself to a 
human model for extending basic animal research on the relationship between 
nutrition and learning. 
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TABLE 2 

CORRELATION BETWEEN TESTS OF LEARNING 
ABILITIES AND DEGREE OF STARVATION 



CorrelaMon Level of 
Name of Test Coefficient Significance 

PPVT -0.323 p<.05 . ^ 

... Vocobulary - —0.253 p<.05 

Coding —0.315 p<.05 

Auditory Memoiy • —0/431 p<.01 

Visual Memory —0.258 p<.05 

Raven Progressive Matrices —0.383 P <»0' 

Reading —0.362 p<.Ol 

Arithmetic —0.359 P<»01 
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TABLE 3 

VALUES OF t FOR THE COMPARISONS BETWEEN THE OSBCL 
SCORES OF THE THREE GROUPS OF STARVATION ONStT 



Comparison Conduct- Personalily 

Between df Immafurily OveracHvity Factor Factor OSBCL 



1-20 & 

21-30 31 -3.019** -2.930** -2,024** 1.689 -2.754** 
1-20 & 

31-60 31 0.852 0.691 0.674 0.291 0.595 

21-30 .. .. 

31-60 . 30 +2.156* +2.212* +2.491** +2.491** +2.094* 



* p<.05 (one-tailed test) 
** p<.01 (one-tailed test) 



